Estimates of additive and nonadditive multibreed covariance components, genetic parameters, and predicted genetic values for first lactation 305-d mature equivalent (ME) milk yield, fat yield, and protein yield were computed using data from a sample of 3316 cows from the Chilean Holstein-other breeds multibreed population. Variances and covariances were estimated by 2-trait REML analyses using a Generalized Expectation-Maximization algorithm applied to multibreed populations. Multiple estimates of additive genetic, nonadditive genetic, and environmental variances from 2-trait analyses were averaged to yield a single variance estimate for each trait and effect. Heritabilities were moderate for all traits in Holstein, other, and Holstein × other crossbred groups. Interbreed interactibilities (ratio of nonadditive genetic to phenotypic variances) were all near zero. Multibreed additive, nonadditive, and total genetic trends were estimated using the complete dataset (56,277 cows). Upward trends between 1990 and 2000 existed for all traits, genetic effects, and breed groups, except for 305-d ME protein yield in ¹⁄₄ Holstein, indicating that Chilean dairy producers were successful in choosing progressively better semen and sires from imported and local sources over time. 
INTRODUCTION
Milk production in the 9th and 10th regions in Southern Chile accounts for approximately 75% of the total produced in the country (ODEPA, 2003) . In the mid 1970s, dairy producers in these regions began to import Holstein semen from various countries with the purpose of rapidly increasing milk yield by incorporating Holstein (H) germplasm into the local dual-purpose Black and White European Friesian cattle population. Most H semen came from the US and Canada. Chilean cattle producers made a concerted effort to upgrade the original cattle population to H imported directly from the US more than from any other country (Barría et al., 2001) . Conversely, before the surge in importation of H semen, cattlemen in these regions had been importing European Friesian germplasm primarily from Germany and The Netherlands. The result of these 2 periods of semen importation was the creation of a complex multibreed population with more than 10 breed × country combinations.
Intrabreed analyses of this multibreed population have shown that European Friesian cows had lower milk production than straightbred and crossbred H, provided that the management and nutritional demands of these animals were met (Barría and Stolzenbach, 1992; Barría et al., 1995 Barría et al., , 2001 . Barría et al. (1995) also found positive genetic trends for milk and fat yields for animals born between 1981 and 1988 for the complete multibreed dataset. However, these intrabreed analyses provided an incomplete picture of the impact of the H semen importation on milk production traits in the various breed groups present in the Chilean dairy population in terms of their genetic variability and individual genetic trends. Further, largely because of economic reasons, breeding goals differed widely across herds. Thus, there was ample variation in the breed composition of animals throughout the dairy population in Regions 9 and 10 of Southern Chile. Consequently, to obtain a more complete understanding of the impact of the incorporation of H genetic material into the Chilean Friesian population, a multibreed analysis of this population was needed.
Because many breed group subclasses had numbers of animals and records that were too small to be treated as separate categories, only 2 base populations formed by groups of breed × country subclasses were considered here: North American H and other breeds (O). Holstein encompassed genetic material imported from the US and Canada, and O included all Chilean Friesian, imported European Friesian (Germany, The Netherlands), and Friesian genetic material imported from England and New Zealand.
The objectives of this research were to estimate genetic and environmental variations in H, O, and various H × O subclasses, and to examine genetic trends that occurred between 1990 and 2000 in the various breed groups of the Chilean multibreed dairy population using 305-d ME first lactation records.
MATERIAL AND METHODS

Climate, Management, and Nutrition
The climate in the 9th and 10th regions of Southern Chile (39 to 42°latitude South) is temperate, with moderate temperatures (usually between 5 and 25°C) and 1300 to 2500 mm of rain throughout the year (Teuber, 1996) . Cows were primarily kept outdoors throughout the year, except in winter (late May to early August), when they were moved indoors at night for protection from the cold and strong rainfall typical of the season. Feeding was based mainly on rotational grazing in improved pastures, grass hay and silage, corn silage, alfalfa (Medicago sativa) greenchop, and concentrate. Improved pastures were normally a mixture of roughly 70% grammineous grasses and 30% leguminous grasses (Teuber, 1996) . Some of the most frequently used grass mixtures were ryegrass (Lolium perenne) and white clover (Trifolium repens) and tall fescue (Festuca arundinacea) and white clover.
Dataset
The information contained in the Chilean dairy dataset came from the official dairy recording program and was collected by COOPRINSEM in the 9th and 10th regions of Southern Chile between 1990 and 2000. Only herds milked twice a day were considered. Raw data were edited for erroneous information. An in-house computer program using a linked-list algorithm was used to check for the presence of common sires across herd-year seasons and to put records from all cows in these linked herd-year seasons into connected sets. Only the largest connected set was used here. Records were adjusted to 305-d mature equivalents (ME) using multiplicative correction factors obtained in an earlier study by 2 of the authors (N. Barria and A. Jara, 2000, unpublished report) with a subset of the data (40,186 cows born between 1992 and 1999 
Model
A multiple-trait, multibreed, sire-maternal grandsire model was used to estimate covariances and to predict genetic values. Fixed environmental effects were herdyear seasons. Fixed regression genetic group effects were 1) sire-maternal grandsire intrabreed H additive direct (deviated from O) as a function of the H fraction in the sire plus 0.5 times the H fraction in the maternal grandsire, 2) sire H/O (intralocus H/O) nonadditive direct (deviated from intralocus H/H and intralocus O/O) as a function of the probability of H and O alleles at one locus in the daughters of all sires, and 3) maternal granddam intrabreed H additive direct (deviated from O) as a function of the H fraction in maternal granddams. Random effects were 1) sire additive direct, 2) maternal grandsire additive direct, 3) regression of sire H/O nonadditive direct (as a function of the probabilities of H and O alleles in the daughters of a particular sire), and 4) residual. The multibreed model in matrix form was y = Xb + Z ga g a + Z gn g n + Z gmgd g mgd + Z a s a + Z n s n + v
where y = vector of cow records for MY, FY, and PY ordered by traits within cows; b = vector of herd-year seasons; g a = vector of sire-maternal grandsire intrabreed H additive direct genetic group effects; g n = vector of sire H/O nonadditive direct genetic group effects; g mgd = vector of maternal granddam intrabreed H additive direct genetic group effects; s a = vector of sire and maternal grandsire additive direct genetic effects; s n = vector of sire H/O nonadditive direct genetic effects; v = vector of residuals; X = matrix that relates cow records to elements of b (1s and 0s); Z ga = matrix that relates cow records to elements of g a through the expected fraction of H alleles in the sire and the maternal grandsire of a cow (p Hs + 0.5p Hm ), where p = probability and the subscripts s = sire and m = maternal grandsire; Z gn = matrix that relates cow records to elements of g n through the probability of intralocus H and O alleles in the cow (p Hs p Od + p Os p Hd ), where the subscript d = dam; Z gmgd = matrix that relates cow records to elements of g mgd through the expected fraction of H alleles in the maternal granddam; Z a = matrix that relates cow records to elements of s a through the sire (1) and the maternal grandsire (0.5); Z n = matrix that relates cow records to elements of s n through the probability of intralocus H and O alleles in the cow (p Hs p Od + p Os p Hd ); MVN = multivariate normal, G a = matrix of multibreed additive genetic variances of and covariances between elements of s a ; G n = matrix of multibreed nonadditive genetic variances of and covariances between elements of s n ; and R = matrix of multibreed residual variances of and covariances between elements of v.
Preliminary versions of this model assumed that heterogeneity of multibreed additive genetic covariances across breed groups was due to intrabreed and interbreed additive genetic covariances. However, initial estimates of covariance components consistently yielded values of interbreed additive genetic covariances near zero; thus, they were assumed to be zero in subsequent versions of this model. Covariances among sire and maternal grandsire additive genetic effects and covariances among sire H/O nonadditive genetic effects were accounted for.
Computing Strategy
The multibreed mixed model equations were constructed and solved using a strategy similar to one previously used for beef (Elzo and Wakeman, 1998; Elzo et al., 1998a,b) and dairy (Koonawootrittriron et al., Journal of Dairy Science Vol. 87, No. 5, 2004 2002) traits. The inverse of the multibreed additive covariance matrix G a was computed using the recursive algorithm described in Elzo (1990a) , and the inversion of the nonadditive covariance matrix G n used rules for regression of nonadditive effects at one locus (Elzo, 1990b) . The multibreed mixed model equations were half-stored in sparse form and solved using FSPAK (Perez-Enciso et al., 1994) to obtain additive and nonadditive genetic predictions. Subsequently, residual additive genetic and nonadditive genetic predictions (Elzo and Wakeman, 1998) and predictions of residuals from the multibreed model plus their corresponding error variances of prediction were used to compute multibreed covariances. The 2003 version of program MREMLEM (multibreed REML using a generalized expectation-maximization algorithm) (Elzo, 1994 (Elzo, , 1996 was used to perform computations.
Estimation of Covariance Components
Covariance components were obtained using REML procedures (Harville, 1977) applied to multibreed populations (Elzo, 1994 (Elzo, , 1996 . This is a 3-step procedure. First, the Cholesky elements of the H and O additive genetic and environmental covariances and H/O nonadditive genetic covariances were computed using a generalized expectation-maximization algorithm (Dempster et al., 1977) . This step was built into the algorithm of MREMLEM to ensure positive definiteness of the estimated covariance matrices. Second, the H and O additive genetic and environmental and H/O nonadditive genetic covariance matrices were computed by multiplying the appropriate Cholesky matrices by their transposes. Third, additive covariance matrices for progeny from various breed group of sire × breed group of dam combinations were computed by adding the product of the H and O fractions in the progeny times their corresponding covariance matrices.
Convergence failure with the complete dataset forced the use of a subset of the Chilean multibreed dataset for the estimation of covariance components. This subset permitted the estimation of covariance components for, at most, 2 traits simultaneously. Thus, three 2-trait runs were made 1) MY and FY, 2) MY and PY, and 3) FY and PY. Multiple estimates of variances were averaged to yield a single estimate. To preserve positive definiteness, if a covariance was larger than the product of the mean standard deviations of 2 traits, it was replaced by this product times 0.99. Starting values for variances in the 2-trait MREMLEM analyses were the additive and nonadditive genetic and environmental variances estimated in preliminary single-trait MREM-LEM analyses and zeroes for all covariances. Convergence was assumed when the ratio of the sum of squares of the differences between estimates of covariances in iterations i and i + 1 to the sum of squares of covariance estimates in iteration i was <10 −4 . Expectation-maximization algorithms do not compute the information matrix; thus, standard errors of estimates of Cholesky elements were not computed by the MREMLEM program. However, because of the small size of the subset used to estimate multibreed covariance components, their standard errors are expected to be large.
Genetic Parameters
Linear combinations of estimates of intrabreed additive genetic, interbreed nonadditive genetic, and intrabreed environmental covariance components were used to compute multibreed additive genetic, nonadditive genetic, environmental, and phenotypic covariances (Elzo and Wakeman, 1998; Elzo et al., 1998a,b) . Subsequently, ratios of additive genetic to phenotypic variances (heritabilities), nonadditive genetic to phenotypic variances (interactibilities), and correlations (additive genetic, nonadditive genetic, environmental, phenotypic) were computed for all parental breed group combinations.
Genetic Trends
A 3-trait analysis, MY, FY, and PY, was performed to obtain additive, nonadditive, and total multibreed PTA (MPTA) for all sires and maternal grandsires in the complete Chilean dataset. Additive, nonadditive, and environmental variances and covariances were those obtained in the 2-trait variance component estimation analyses. Variances used were means of estimates from the 2-trait variance component analyses. Sire additive MPTA were obtained directly from the mixed model equations. Sire nonadditive MPTA were computed as the product of the probability of H/O interactions in the progeny of sires mated to F1 dams times the base interbreed nonadditive MPTA of each sire. Mating to F1 dams was chosen because progeny from sires of all breed groups have the same intralocus interbreed probability (0.5); thus, sires can be compared on an equal basis (Elzo and Wakeman, 1998) . Sire total MPTA were computed by adding each sire's additive and nonadditive MPTA.
Additive, nonadditive, and total MPTA were used to compute weighted sire plus maternal grandsire MPTA yearly means, unweighted sire MPTA yearly means, and unweighted maternal grandsire MPTA yearly means. The combined sire plus maternal grandsire yearly means could be viewed as an approximation to cow yearly means. Weights were number of daughters per year for sires and 0.5 times number of granddaugh- ters per year for maternal grandsires. Standard errors of prediction of yearly means were computed using the expression:
where n i = number of progeny of sire i, or 0.5 times number of grandprogeny of maternal grandsire i, for weighted sire plus maternal grandsire means, and one for unweighted means and EVP i = error variance of prediction for sire i, or for maternal grandsire i, taken from the diagonal element of the inverse of the left-hand side of the mixed model equations and computed using FSPAK (Perez-Enciso et al., 1994) .
To obtain information on the change in the yearly mean genetic value of H and O in the complete multibreed population, regression yearly means were computed using an ordinary least squares approach, where the incidence matrix was composed of H fractions, O fractions, and zeroes. The resulting H and O regression means accounted for changes coming from all H and O alleles in the Chilean multibreed population. Differences between H and O regression and subclass means would be due to the effects of genes coming from crossbred animals. Table 1 shows the distribution of sires, dams, and cows with records by breed group of sire × breed group of dam combination. Numbers in Table 1 suggest that, because of the upgrading process, there was a substantially larger representation of H (and high percentage H) than O sires during the 11 yr covered in this study. However, sires in the O group continued to be steadily used by a segment of the Chilean dairy population, which indicated that some Chilean dairy producers preferred crossbred animals to straightbred H and that the favored H fraction varied across cattle farms. Table 2 presents a description of the complete dataset in terms of means and standard deviations by breed group of sire × breed group of dam combination. All cows in Table 1 had records of MY and FY. However, because protein recording in Regions 9 and 10 of Southern Chile began in 1995, only 31,160 of them had PY records.
RESULTS AND DISCUSSION
Dataset
The mean of straightbred H cows for MY was approximately 2200 kg larger than that of cows in the O group, reaffirming the advantage of H over other dairy breeds. Further, the mean of H-sired cows was roughly 1400 kg larger than that of O-sired cows. On the dam side, crossbred cows whose H fraction was ¹⁄₂ and higher performed not very differently from straightbred H cows.
Estimates of Variance and Covariance Components
Base variance and covariance components. Base additive genetic variances and covariances explain the additive genetic variation and covariation that exist within and between traits because of alleles from H and O origins. Similarly, base environmental variances and covariances explain the environmental variation and covariation that can be attributed to animals with H and O alleles. Base nonadditive interbreed genetic variances and covariances account for interactions between H and O alleles at one locus in crossbred animals. In a multibreed sire-maternal grandsire model, base additive and interbreed nonadditive variances and covariances are estimated within sire subclasses, i.e., they use information from all straightbred and crossbred progeny of a sire or a maternal grandsire. Base environmental variances and covariances are estimated using residual information from all cows. Base phenotypic variances and covariances are computed by Journal of Dairy Science Vol. 87, No. 5, 2004 adding the corresponding H and O additive and environmental variance and covariance estimates.
Preliminary computer runs using the complete dataset to estimate multibreed covariance components failed to achieve convergence. This might have been due to small size and poor representation of sires and breed groups of dams in most herd-year season subclasses. Thus, for the estimation of covariance components and genetic parameters, a subset of the complete dataset was constructed by imposing the following restrictions: 1) a minimum of 40 progeny per sire, 2) 6 or more herd-year seasons per sire, 3) sires with progeny from all 5 breed groups of dams, and 4) at least 4 sire breed groups per herd-year season. The resulting subset contained 3316 cows, the product of 149 sires and 2775 dams (Table 3) .
Estimates of base H and O additive genetic and environmental and H/O nonadditive genetic variances and covariances among traits computed using the subset of the Chilean multibreed dairy population are shown in Table 4 . Variances in Table 4 are means of pairs of estimates from three 2-trait MREMLEM computer runs (MY and FY, MY and PY, and FY and PY) .
Intrabreed additive genetic, environmental, and phenotypic variances and covariances were somewhat larger in H than in O for all traits, suggesting that the climatic, nutritional, and management conditions in Cienfuegos-Rivas et al., 1999; Costa et al., 2000) . Nonadditive H/O genetic variances and covariances were small for the 3 dairy traits, indicating that the H/ O interbreed interactive ability differed little among H and H × O sires in the subset of the Chilean population. Comparable estimates in temperate climates were unavailable in the literature. Under tropical conditions, however, Koonawootrittriron et al. (2002) obtained substantially larger estimates of H/O genetic variances and covariances for first lactation 305-d milk and fat yields unadjusted to ME in a small field multibreed dataset in Thailand, where the O group was composed almost entirely of Bos indicus breeds. Although climate, management, and nutritional conditions in Thailand differed substantially from those in Chile, this might be an indication that larger amounts of H/O nonadditive genetic variation for dairy production traits will occur in H × Bos indicus than in H × Bos taurus crosses.
Journal of Dairy Science Vol. 87, No. 5, 2004 In contrast, H/O nonadditive regression means from the complete dataset had values of 192.4 ± 3.2 kg for MY, 5.5 ± 0.9 kg for FY, and 5.5 ± 1.1 kg for PY, indicating some degree of heterosis for these traits in the Chilean multibreed dairy population. These heterosis values were somewhat lower (70% for MY, 43% for FY, and 53% for PY) than those found for first lactation 305-d milk, fat, and protein yields in H × Dutch Friesian in The Netherlands (Janss and de Jong, 1999) .
Multibreed variance and covariance components. Linear combinations of base variance and covariance estimates were used to compute multibreed genetic, environmental, and phenotypic variance and covariance estimates for 15 breed groups of sire × breed group of dam combinations. Weights for additive genetic and environmental multibreed variances and covariances were H-and O-expected fractions in sires and dams. Weights for H/O nonadditive genetic variances and covariances were equal to ¹⁄₂ (the probability of one H and one O allele at one locus in the progeny of a sire of any H and O fractions mated to ¹⁄₂ H dams). As interbreed additive genetic variances and covariances were assumed to be zero (preliminary analyses yielded estimates close to zero), multibreed additive and environmental variance and covariance estimates increased Table 5 . Table 6 . Heritability estimates for MY and FY were slightly smaller in H than in O because of proportionally larger environmental variance values in H. The opposite occurred for PY, hence, the higher estimate of heritability in H than in O. Heritability estimates for H were comparable with those obtained using data from the US and other countries Costa et al., 2000; Weigel et al., 2001) . Additive genetic correlations between MY, FY, and PY were similar in H and O (>0.60). An exception was between FY and PY, which was higher in H (0.56) than in O (0.19). The additive genetic correlation values of 0.99 between MY and PY for all mating combinations in Table 6 were due to the restriction imposed on covariance estimates to preserve the positive definiteness of the additive genetic covariance matrix for MY, FY, and PY. Environmental correlations were slightly larger than phenotypic correlations, comparable in H and O, but all were >0.76. Because of the extremely small H/O nonadditive variances and covariances, interactibilities and nonadditive genetic correlations were near zero for all traits. This was in contrast to the interactibility value of 0.17 obtained by Koonawootrittriron et al. (2002) in the H × O (O mostly Bos indicus) Thai multibreed dataset.
Estimates of Variance Ratios and Correlations
Multibreed heritabilities and genetic correlations for straightbred H, H × ³⁄₄ H ¹⁄₄ O, H × ¹⁄₂ H ¹⁄₂ O, H × ¹⁄₄ H ³⁄₄ O, H × O, and O are shown in
Genetic Trends
Estimates of genetic parameters from the subset analyses were applied to the complete Chilean dataset to compute additive, interbreed nonadditive, and total (additive plus nonadditive) multibreed genetic predictions for all sires and maternal grandsires. Interbreed nonadditive genetic predictions assumed sires were mated to F1 dams. They were small (about 1/5) relative to additive genetic predictions. Because of it, there was little difference between the graphs of additive and total MPTA yearly means. Subclass-weighted sire plus maternal grandsire, unweighted sire, and unweighted maternal grandsire genetic trends were computed for all traits and genetic effects per breed group and for the complete population. Upward genetic trends existed in all straightbred and crossbred groups for weighted and unweighted yearly means for all traits and effects, ex- cept for the sire plus maternal grandsire and the sire means of PY in the ¹⁄₄ H breed group. Because of small numbers, standard errors of yearly means for all traits and effects in the ¹⁄₄ H breed group were substantially larger than for all O groups in the population. Thus, ranges of yearly mean standard errors are reported separately for this breed group.
Weighted sire plus maternal grandsire genetic trends. These trends reflect sire usage and maternal grandsire representation in the Chilean cow population between 1990 and 2000. They could also be considered an approximation to changes in additive, interbreed nonadditive, and total mean cow-predicted genetic values during this period. Weighted yearly means were computed as the sum of each cow's sire MPTA plus onehalf her maternal grandsire MPTA divided by the sum of the number of daughters plus 0.5 times the number of granddaughters present in a given year. Figure 1 shows the weighted sire plus maternal grandsire genetic trends for MY additive MPTA for each straightbred and crossbred group and for the complete population. Except for a scaling factor, sire plus maternal grandsire figures for FY and PY additive genetic trends were similar to Figure 1 .
All breed groups showed an upward additive genetic trend for MY between 1990 and 2000. Changes in yearly milk additive genetic means were 339 kg for H, 240 kg for O, 606 kg for ³⁄₄ H, 240 kg for ¹⁄₂ H, 367 kg for ¹⁄₄ H, and 598 kg for the complete population. Changes in additive yearly means for FY were 12 kg in H, 19 kg in O, 14 kg in ³⁄₄ H, 10 kg in ¹⁄₂ H, 14 kg in ¹⁄₄ H, and 20 kg in the complete population. For PY, changes were 13 kg in H, 20 kg in O, 12 kg in ³⁄₄ H, 9 kg in ¹⁄₂ H, −6 kg in ¹⁄₄ H, and 17 kg in the complete population. Thus, all traits and all breed groups, except for ¹⁄₄ H for PY, had positive trends. Positive additive genetic trends in all breed groups but one suggest that Chilean producers used increasingly better sires and kept cows that were granddaughters of better maternal grandsires, regardless of their breed composition. The decreasing trend observed for MY primarily for the last 3 yr (1998 to 2000) occurred probably because dairy producers in these 2 regions chose H sires whose daughters were expected to produce amounts of milk that would require little change to the prevalent production system based on mostly pasture plus some concentrate. This was likely influenced by low milk prices in the 9th and 10th regions of Chile between 1995 and 2000 (Moya et al., 1998; V. Esnaola, 2003, personal communication) and because most dairymen in these regions prefer to produce milk based on pasture plus limited amounts of concentrate.
Additive yearly means for straightbred groups and crossbred groups ¹⁄₂ H and above had standard errors ranging from 3 to 35 kg for MY, from 0.1 to 1.5 kg for FY, and from 0.1 to 4.1 kg for PY, whereas, for ¹⁄₄ H, ranges went from 38 to 60 kg for MY, from 1.2 to 5.2 kg for FY, and from 2.8 to 11.7 kg for PY.
Considering that sire plus maternal grandsire yearly means account for 75% of cow breeding values, changes in H yearly means between 1990 and 2000 in Chile were 394 kg for MY, 9 kg for FY, and 7 kg for PY, which was <0.75 times the change in mean cow breeding value in the US (AIPL, 2003) during this period. This indicates that Chilean cattlemen bought semen from H sires whose PTA were above average, but not necessarily the highest available in the US. Another explanation is that because nutritional systems in the 9th and 10th regions of Southern Chile used a mixture of improved pastures and concentrate, daughters of some top H sires expressed less favorably their genetic potential under these conditions than their half sisters in the US that received higher levels of concentrate.
Interbreed nonadditive genetic trends for all traits in all breed groups and in the complete population were positive and about one-fifth of additive genetic trends. Figure 2 shows interbreed genetic trends for MY. Sires from the H, ³⁄₄ H, and O groups tended to have similar combining abilities. Conversely, the mean combining ability of ¹⁄₄ H sires tended to be above, and that of ¹⁄₂ H sires below, that of sires from O groups. As with additive genetic trends, aside from a scaling factor, interbreed nonadditive genetic trends for FY and PY were similar to those in Figure 2 .
Changes in interbreed nonadditive yearly means between 2000 and 1990 for MY, FY, and PY were 132, 12, and 4 kg in H; 45, 5, and 2 kg in O; 149, 7, and 6 kg in ³⁄₄ H; 91, 4, and 3 kg in ¹⁄₂ H; 16, 3, and 2 kg in ¹⁄₄ H; and 107, 4, and 3 kg in the complete population, respectively.
These positive interbreed nonadditive genetic trends may be an indication that H and O combining ability improved between 1990 and 2000. However, no restriction on the breed composition of sires and dams represented in contemporary groups was imposed on the complete Chilean dataset used to obtain the multibreed predictions used for genetic trends. Thus, another possibility is that this interbreed nonadditive genetic trend may be due, at least in part, to some degree of confounding between additive and nonadditive genetic effects.
Standard errors of nonadditive yearly means for H, O, ³⁄₄ H, and ¹⁄₂ H ranged from 1 to 10 kg for MY, from 0.1 to 0.2 kg for FY, and from 0.1 to 0.5 kg for PY, and, for ¹⁄₄ H, they ranged from 6 to 30 kg for MY, from 0.1 to 0.2 kg for FY, and from 0.3 to 2.1 kg for PY.
Because of the small values of interbreed genetic predictions relative to additive genetic predictions, total genetic means per year were similar to yearly additive genetic means and so were the figures of genetic trends for total genetic effects. The ¹⁄₂ H breed group had the largest differences between additive and total yearly means. Changes in total genetic means between 1990 and 2000 for MY, FY, and PY were 522, 15, and 13 kg in H; 164, 18, and 8 kg in O; 815, 37, and 27 kg in ³⁄₄ H; 388, 15, and 11 kg in ¹⁄₂ H; 15, 1, and 676, 23 , and 17 kg in the complete population, respectively. Most standard errors of yearly means ranged from 3 to 44 kg for MY, from 0.1 to 3.3 kg for FY, and from 0.1 to 3.1 kg for PY.
Unweighted sire and maternal grandsire genetic trends. These trends depict changes in mean additive, interbreed nonadditive, and total MPTA of sires used and maternal grandsires represented in the Chilean dataset that occurred between 1990 and 2000. Only figures for unweighted sire genetic trends are shown here. Standard errors were somewhat higher for sire than for maternal grandsire yearly means, and they were usually 2 to 5 times larger than those of weighted sire plus maternal grandsire yearly means.
Unweighted sire additive yearly means are shown in Figure 3 . The vast majority of sire additive yearly means were somewhat smaller than sire plus maternal grandsire weighted additive yearly means for all breed groups and for the complete population. This may be an indication that superior sires were used more often and mated to superior cows (preferential mating) and that these superior cows were kept in the herd longer. For the complete population, differences in MY additive yearly means ranged from 19 kg (in 2000) to 199 kg (in 1998) . The largest differences occurred for O and crossbred group-of-sire × year subclasses with the least amount of information. A similar situation existed for FY and PY. Conversely, most of the sire additive yearly means for all traits were substantially larger than maternal grandsire yearly means, suggesting that Chilean producers used increasingly superior sires (particularly H) over time. In the complete population, this advantage ranged between 104 kg (in 2000) and 359 kg (in 1995) for MY. Except for 2000 (and also 1999 for O), sire additive yearly means for all breed groups were larger than maternal grandsire yearly means.
Graphs for FY and PY showed a similar pattern to MY. These unweighted additive genetic trends indicate that Chilean cattlemen chose straightbred and crossbred sires of increasingly better additive MPTA over time.
Differences between 2000 and 1990 unweighted sire additive yearly means for MY, FY, and PY were 508, 16, and 18 kg in H; 165, 10, and 12 kg in O; 126, 4, and Changes in H sire unweighted additive genetic yearly means between 1990 and 2000 in Chile were 59 kg less for MY, 1 kg more for FY, and 4 kg more for PY than those provided for H sires in the US by AIPL (2003) . This again reconfirms that Chilean dairymen were purchasing H semen from good, but not necessarily the best, sires available in the US. Price might have been one consideration. Another reason might have been that Chilean producers wanted to keep a production system based on pasture and concentrate, thus they did not want to have H sires whose daughters required high levels of concentrate to achieve their production potential. It should again be mentioned that perhaps the less intensive concentrate feeding practices in the 9th and 10th regions of Southern Chile might have prevented daughters of top H sires from achieving the same production level as in the US.
Graphs of unweighted nonadditive yearly means showed positive genetic trends both for sires and for maternal grandsires. Standard errors were similar to those of weighted sire plus maternal grandsire yearly means. Figure 4 shows MY unweighted nonadditive genetic yearly means for sires. The pattern of genetic trend lines tended to follow closely the one found for weighted nonadditive genetic yearly means for sires plus maternal grandsires. Yearly means for ¹⁄₂ H were usually below, and those for ¹⁄₄ H sires were usually above, the means of other breed groups.
Journal of Dairy Science Vol. 87, No. 5, 2004 The divergence in combining ability between H and O sires was broader among sire unweighted nonadditive yearly means than that of weighted sire plus maternal grandsires and unweighted sire nonadditive yearly means. This may be an indication that 1) H sires had better combining ability than O sires, 2) there was some biological association between additive and nonadditive genetic combining abilities, and 3) there was some confounding between additive and nonadditive MPTA.
As it happened with additive yearly means, most unweighted sire nonadditive yearly means were smaller than weighted sire plus maternal grandsire nonadditive yearly means and larger than unweighted maternal grandsire nonadditive yearly means. This suggests that Chilean dairymen chose sires with progressively better combining abilities over time and that they preferentially mated superior sires to superior dams. However, only intrabreed PTA (primarily from the US, Canada, and Chile) were available to select sires, which suggests the possibility of a positive association between additive and nonadditive MPTA.
Unweighted sire nonadditive yearly means for MY in the complete population were from −0.1 kg (in 1992) to −36 kg (in 1996) below weighted sire plus maternal grandsire and from 24 kg (in 1991) to 65 kg (in 1995) above unweighted maternal grandsire nonadditive yearly means. Changes in interbreed nonadditive yearly means between 2000 and 1990 for MY, FY, and PY were 107, 3, and 3 kg in H; 25, 3, and 2 kg in O; 126, 6, and 4 kg in ³⁄₄ H; 114, 5, and 5 kg in ¹⁄₂ H; 143, 5, and 2 kg in ¹⁄₄ H; and 101, 3, and 4 kg in the complete population. Maternal grandsire changes in nonadditive yearly means for MY, FY, and PY were 135, 5, and 4 kg in H; 80, 5, and 2 kg in O; 66, 1, and 1 kg in ³⁄₄ H; 77, 3, and 2 kg in ¹⁄₂ H; 179, 6, and 5 kg in ¹⁄₄ H; and 101, 4, and 2 kg in the complete population.
Genetic trends for unweighted sire and maternal grandsire total MPTA yearly means were similar to the corresponding sire and maternal grandsire additive MPTA yearly means because of the proportionally small values of nonadditive MPTA. Changes in sire unweighted total genetic means between 1990 and 2000 for MY, FY, and PY were 508, 14, and 15 kg in H; 68, 8, and 7 kg in O; 569, 28, and 19 kg in ³⁄₄ H; 484, 19, and 18 kg in ¹⁄₂ H; 464, 17, and 4 kg in ¹⁄₄ H; and 633, 20 , and 20 kg in the complete population. Corresponding changes for MY, FY, and PY in maternal grandsires were 591, 19, and 15 kg in H; 318, 17, and 8 kg in O; 479, 15, and 14 kg in ³⁄₄ H; 439, 18 , and 15 kg in ¹⁄₂ H; 698, 25, and 22 kg in ¹⁄₄ H; and 671, 24, and 15 kg in the complete population. Standard errors of sire and maternal grandsire total yearly means were similar to those for additive yearly means. Regression additive genetic trends. The purpose of computing H and O yearly means using regression procedures was to account for the effects of all H and O alleles in the Chilean multibreed population when computing additive H and O yearly means. This implies using information from straightbred and crossbred animals when computing additive H and O yearly means by regression. Regression and subclass yearly means should be alike if the sample of H and O alleles from sires in the H and O groups had similar genetic value to the sample of H and O alleles present in sires from H × O crossbred groups. Figure 5 shows regression and subclass unweighted MY additive yearly means for sires, and Figure 6 shows that for maternal grandsires.
The regression and subclass lines for H and O were very close for unweighted sire additive yearly means ( Figure 5 ), but not for unweighted maternal grandsire additive yearly means (Figure 6 ), and differences between regression and subclass lines were larger for H than for O. Figures for FY and PY showed a similar pattern, which suggests that Chilean cattlemen used H sires of substantially higher additive genetic value to produce crossbred animals than those used to sire straightbred H.
This dissimilar mating strategy for straightbred and crossbred animals may be related to a goal of producing a type of dairy animal suited to the prevalent production conditions in the 9th and 10th regions of Southern Chile at that time. This goal appears to have been to increase milk production from crossbred cows as quickly as possible while moderately increasing the level of production from H cows.
CONCLUSIONS
There was little difference in the estimates of additive genetic parameters in H and O groups in the Chilean multibreed population. Holstein genetic parameter estimates were similar to those reported elsewhere. Interbreed nonadditive genetic variation was small, unlike heterosis estimates that were in line with estimates found in the literature. Weighted and unweighted genetic trends indicated that Chilean cattle producers 1) followed the genetic evaluation results in Canada and the US and chose sires of higher predicted abilities for milk traits over time, 2) chose crossbred bulls that were sons and grandsons of superior Holstein sires, 3) used sires appropriate for their pasture plus concentrate production system more frequently, 4) kept dams of better sires longer, and 5) benefited from genetic trends for milk traits in the US and Canadian H populations.
